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ABSTRACT 
Introduction: Electronic cigarettes (e-cigarettes) are battery operated devices that entered the U.S. 
markets in 2007 and are marketed as safe alternatives to traditional cigarettes. The nicotine present 
in the e-cigarettes and the amount of vapor produced is a major concern for oral health. The 
purpose of this study is to report on the estimates for e-cigarette use from two different national 
surveys in the United States and to assess the association between e-cigarette use and outcomes 
related to dental care. 
Methods: Data from the 2015-2016 National Health and Nutrition Examination Survey 
(NHANES) (n=5884), and from the 2015 National Health Interview Survey (NHIS) (n=33,672) 
were used in the analysis. SAS 9.4 was used to calculate prevalence of e-cigarette use (ever and 
current use of e-cigarettes) and dental care (past year dental office visit) by sociodemographic 
variables for 2015-2016 NHANES and 2015 NHIS. Logistic regression models were used to 
examine the association between e-cigarette use and utilization of dental care separately for 
NHANES and NHIS, adjusting for age, sex, education, race, income, affordability of care and 
other tobacco use.  
Results: The prevalence of ever use and current use from the 2015-2016 NHANES was 20.30% 
(95% C.I. 18.31-22.29) and, 5.40% (95% C.I. 4.73-6.06) respectively. In the 2015 NHIS the 
prevalence was 13.06% (95% C.I. 12.53-13.58) for ever e-cigarette use and 4.50% (95% C.I. 4.22-
4.79) for current use. The prevalence of past year dental office visit from 2015-2016 NHANES 
was 58.78% (95% C.I. 54.88-62.68) and from NHIS was 62.71% (95% C.I. 62.02-63.4). 
Multivariate logistic regression models using NHANES data indicated that there is no difference 
between current e-cigarette users and non-users with respect to making a past year dental visit 
[AOR= 1.04 (95% C.I. 0.64-1.70)] and NHIS data indicated that current e-cigarette users were less 
likely to make a past year dental visit [AOR= 0.69 (95% C.I. 0.60-0.80)].  
Conclusions: The non-overlapping of 95% confidence intervals for prevalence of ever use indicate 
a significant difference between 2015-2016 NHANES and 2015 NHIS with respect to ever e-
cigarette usage. Considering different factors such as sample size, response rate, position of the 
questions and mode of administration is encouraged before choosing the estimates from different 
surveys. 
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CHAPTER I 
INTRODUCTION 
1.1 Background 
As early as 2007, electronic cigarettes, which are battery operated devices that deliver 
flavored or nicotine infused vapor into the lungs, entered the U.S. market. E-cigarettes have been 
marketed as safe alternative products to regular cigarettes. Different brands of e-cigarettes contain 
nicotine, humectants such as propylene glycol or glycerol to produce vapor and flavors (tobacco, 
chocolate, mint, fruit) (Etter, Bullen, Flouris, Laugesen, & Eissenberg, 2011).  
E-cigarettes are marketed as safer alternatives to conventional cigarettes but when it comes 
to oral health, the vapor from e-cigarette is equally damaging as smoking (“E-cigarettes ‘just as 
harmful as tobacco’ for oral health,” n.d.). According to Centers for Disease Control and 
Prevention (CDC), 16% of high school students reported using electronic cigarettes in 2015 
compared to 1.5% in 2011 indicating a 10-fold increase in e-cigarette users (“E-cigarettes ‘just as 
harmful as tobacco’ for oral health,” n.d.). 
1.2 Purpose of Study 
Tobacco use in either smoked or smokeless form has known harmful effects on oral tissues. 
Use of tobacco causes a wide variety of oral health problems such as dental caries, periodontal 
disease, halitosis, tooth loss, soft tissue changes and oropharyngeal cancer. The liquid in the e-
cigarette may, or may not contains nicotine, but the amount of vapor produced is a major concern 
for oral health. 
A healthy mouth is an invaluable asset and can be regarded as a basic human right and oral 
diseases remain a major public health burden (Jin et al., 2016). Jin et al. (2016) posit that nearly 
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90% of the population in the world suffer from an oral disease, of which dental caries and 
periodontitis are most common. Moreover, the mouth is an integral point of contact with 
the external environment such as speech, mastication, swallowing and, on a certainly human 
perspective, the mouth is necessary to sound integration and an individual's look. However, oral 
health is frequently compromised by various forms of oral diseases, mainly dental caries and 
periodontal disease, and occasionally by oral cancer. These oral disorders have a significant impact 
on all the oral functions, self‐esteem, quality of life and overall health and well‐being (Jin et al., 
2016). The extent of preventive dentistry is constantly expanding, and dentist-patient encounters 
are important for providing patients information about the damaging effects of smoking, smokeless 
tobacco use, and vaping. Dentists are likely to be the first patient provider to identify the oral 
effects of smoking or vaping. Frequent dental visits can have a chance of reducing the e-cigarette 
users because the research says that smokers who received assistance from healthcare workers are 
more successful at quitting than those without any support. 
The study focuses on the need for data users to understand the nature and limitations of the 
data they employ. The purpose of this study is to report on the estimates for e-cigarette use from 
two different national surveys in the United States and to assess the association between e-cigarette 
use and outcomes related to dental care. 
Research Questions:  
Question #1: How 2015-2016 NHANES and 2015 NHIS differ with respect to estimates of key 
measures for electronic cigarette use and past year dental office visit? 
Question #2: What is the association between e-cigarette use and past year dental office visit in 
2015-2016 NHANES and 2015 NHIS? 
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CHAPTER II 
REVIEW OF LITERATURE 
 2.1 History of Electronic Cigarettes 
Electronic cigarettes are battery-operated devices that provide doses of vaporized nicotine, 
flavorings and other chemicals to the users (King, Patel, Nguyen, & Dube, 2015). An electronic 
cigarette consists of a battery to power the device, an atomizer to convert the liquid nicotine into 
vapor, a tank to store the e-liquid, and a mouthpiece to deliver the vapor from atomizer to mouth 
(Havel, Benowitz, Jacob, & St. Helen, 2017). Apart from e-cigarettes, multiple types of Electronic 
Nicotine Delivery Systems (ENDS) such as e-pipes, e-cigars, and e-hookahs are available in the 
US market (King, Patel, Nguyen, & Dube, 2015). 
Varied brands of e-cigarettes contain nicotine, humectants such as propylene glycol or 
glycerol to produce vapor and flavors (tobacco, chocolate, mint, fruit) (Etter et al., 2011). 90% of 
e-cigarette liquid is made up of propylene glycol, and nicotine is available in doses ranging 
between 0-36mg/ml. Flavoring agents are added since both propylene glycol, and nicotine are 
tasteless (“A Dental Perspective on Electronic Cigarettes,” n.d.). However, studies assessing the 
content in the solution of e-cigarettes have identified chemicals such as formaldehyde, 
acetaldehyde, nicotine, glycerin, glycol, cadmium, nickel, aluminum, lead, silicon, and 
nitrosamines. Research indicates that the majority of these solutions may be cancer-causing, yet 
with the recent entry into U.S. markets, it may take many years to assess the risk to health. In any 
case, there is at present no conclusive scientific evidence that e-cigarettes promote long-term 
cessation and e-cigarette usage was not recommended by the U.S. Public Health Service as 
smoking cessation method (King, Alam, Promoff, Arrazola, & Dube, 2013). 
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A study by Singh et al. (2016) concluded that there was a significant increase in the current 
use of electronic cigarettes and hookahs among middle and high school students in the United 
States between 2011 – 2015. In 2015 electronic cigarette was found to be the most commonly used 
tobacco product among the high school students (Singh et al., 2016). A study by Patel et al. (2016) 
revealed that smoking cessation and health-related reasons are cited as the most common reasons 
for e-cigarette use among adults and youth are attracted to the flavorings of e-cigarettes.  
Numerous public health professionals are worried that e-cigarettes may adversely affect 
the users’ health and support smoking commencement (Etter et al., 2011). The impact of ENDS 
(Electronic Nicotine Delivery Systems) on population health is not completely known (Chen & 
Husten, 2014). The CDC started tracking e-cigarette use in 2009 through ConsumerStyles and 
HealthStyles Surveys. Later, e-cigarette use was added to several CDC national health surveys, 
such as National Health Interview Survey, National Health and Nutrition Examination Survey, 
National Adult Tobacco Survey, Youth Risk Behavioral System, and National Youth Tobacco 
Survey. CDC has stated that electronic cigarettes are new to the market and the health effects of 
electronic cigarettes are not completely known (Health, 2018). However, in 2016 Surgeon 
General’s report stated that exposure to nicotine in adolescents can cause addiction and harm the 
adolescent brains (“E-Cigarette Use Among Youth and Young Adults: A Report of the Surgeon 
General—Executive Summary,” n.d.).  
Depending on the brand, the e-cigarettes may or may not contain nicotine, and the stability 
of nicotine in the electronic cigarettes is affected by its flavors. Certain flavors like mint, vanilla 
and fruit flavors can easily oxidize the nicotine and may have a negative effect on the body (Etter, 
Zäther, & Svensson, 2013). A study conducted by Glynos et al. (2018) found that the electronic 
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cigarette vapors can induce inflammatory responses in the respiratory system and also stated that 
the flavors in e-cigarettes exacerbate the detrimental effects of vaping. 
 2.2 Link between Smoking, Oral Cancer and Periodontal Disease 
Periodontitis is a disease of oral supporting tissues caused by a specific group of anaerobic 
oral bacteria present in the plaque. Although periodontitis is caused by plaque, different risk factors 
like tobacco use, diabetes, poor oral hygiene can modify the host response to microbial aggression 
(Katuri et al., 2016). The inflammation of periodontium is due to the response of the host to the 
bacterial biofilm present around the teeth (Mesia et al., 2016). Pathogenic Gram-negative bacteria 
such as A. actinomycetemcomitans, P. gingivalis, P. intermedia, B. forsythus are considered the 
most important etiological agents in periodontitis (Bastos et al., 2017). The Lipopolysaccharide in 
gram-negative bacteria induces the production of inflammatory cytokines like matrix 
metalloproteases and tumor necrosis factors which cause periodontal tissue destruction by 
resorbing the alveolar bone (Mesia et al., 2016). Use of tobacco causes a wide variety of dental 
problems such as periodontal disease, halitosis, tooth loss, soft tissue changes, and oropharyngeal 
cancer.   
Studies have shown that habitual tobacco smokers exhibit a higher number of plaque 
accumulation sites, loss of clinical attachment and probing depth greater than 4mm when 
compared to non-smokers (Sundar et al., 2016). However, bleeding on probing which is a classic 
sign of periodontal disease is masked in smokers, due to the vasoconstrictive effect of nicotine on 
gingival blood vessels. Therefore, tobacco smokers are unaware of the ongoing periodontal disease 
until it reaches a stage where tooth mobility is noticeable (Sundar et al., 2016). The study also 
revealed that flavored e-cigarette aerosol is associated with increased oxidative/carbonyl stress, 
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inflammatory responses and cellular senescence associated with persistent DNA damage via 
RAGE-HDAC2-dependent mechanisms in the gingival epithelium (Sundar et al., 2016). 
Nearly 50,000 oral cancer cases are diagnosed every year in the United States causing 9750 
deaths, killing one person per hour (“Oral cancer facts,” 2018). Oral Squamous Cell Carcinoma is 
the most commonly occurring cancer of the head and neck region and mostly preceded by a variety 
of lesions such as Erythroleukoplakia or Leukoplakia or Erythroplakia, which are considered as 
oral premalignant lesions and exhibit an oral epithelial dysplasia indicating a developing 
malignancy (Morse et al., 2007). Tobacco smoking is always considered a significant risk factor 
for oral leukoplakia and the malignant transformation into oral cancer is very high in smokers than 
in non-smokers. A study conducted by Morse et al. (2007) revealed that there is a strong 
association between smoking and oral epithelial dysplasia, indicating that smoking has a 
significant impact on the transformation of oral epithelial dysplasia into oral cancer. 
Even though the effects of electronic cigarettes on oral tissues have not been recognized 
and documented until now, research mentions that the chemical composition in the electronic 
cigarettes damages the oral health. Here are some facts about e-cigarettes and vaping effects on 
oral tissues: 
* The aerosols released from E-cigarettes hits the oral cavity first causing chemical burns and 
tissue changes. 
* Vapor from e-cigarettes contains chemicals such as cadmium, lead, aluminum, which are a 
potential threat to oral tissues 
* Vaping results in xerostomia (dry mouth) 
* The inflammatory properties in e-cigarettes cause cellular reaction in gums 
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2.3 Chemical evaluation of e-cigarettes and conventional cigarettes 
Unlike conventional cigarettes, electronic cigarettes do not burn the tobacco. Instead, the 
e-liquid containing nicotine, flavoring agents, water, glycerin, and propylene glycol is vaporized 
thermally by an electrical element. A study was conducted by Tayyarah and Long (2014) to 
evaluate the chemical composition of electronic cigarettes and for select constituents to compare 
with conventional cigarettes. The results of their study revealed that the liquid in the e-cigarettes 
contains 2% nicotine and more than 75% of humectants such as glycerin or propylene glycol.  
Even though many studies reveal that the nicotine levels in e-cigarettes are less than 
conventional cigarettes, the level of toxicants in e-cigarettes are a significant health concern. A 
study conducted by Canistro et al. (2017) revealed that e-cigarettes have an active booster effect 
on phase-I carcinogen-bioactivating enzymes, activators of polycyclic aromatic hydrocarbons 
(PAHs), and increase oxygen free radical production and DNA oxidation to 8-hydroxy-2′-
deoxyguanosine. They also found that e-cigs damage DNA at chromosomal level producing strand 
breaks in leucocytes and micronuclei in reticulocytes, and point mutations in urine at gene level 
(Canistro et al., 2017).  
Evidence supports that tobacco-specific nitrosamines are important causative factors for 
cancers of the oral cavity, lungs, and pharynx in smokers (Konstantinou et al., 2018). A study by 
Konstantinou et al. (2018) had shown that the liquid in the e-cigarettes contains tobacco-specific 
nitrosamines but in lower amounts than conventional cigarettes. However, the effects of using e-
cigarettes are not known completely, a smoker’s health is always benefited by complete abstinence 
from nicotine related products (Konstantinou et al., 2018). 
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2.4 Role of preventative dentistry in reducing the oral health burden 
According to World Health Organization (WHO), nearly 60–90% of school children and 
almost 100% of adults have dental cavities that can be prevented by maintaining a constant low 
level of fluoride in the oral cavity. Preventive oral health care is essential mainly for two reasons: 
i) most of the dental diseases like caries, periodontal disease, and oral cancer are preventable with 
prompt treatment, ii) preventive dental care always saves money especially in low-income 
families.  
Nearly 84% of oral cancers can be detected at an early stage during a routine dental 
checkup. Oro Pharyngeal Cancers are one of the few oral diseases with high mortality rate and 
habits like smoking, betel nut chewing, and alcohol consumption are found to be significant risk 
factors for Oro Pharyngeal Cancers (Marino et al., 2017). A thorough screening of the oral cavity 
along with patient’s routine dental checkups play a vital role in early diagnosis and prompt 
treatment of cancers related to head and neck (Marino et al., 2017).  
The optimal length of recall intervals for preventative oral health care has been the subject 
of debate worldwide. In 1909 the American Dental Association stated that patients should visit the 
dentist at least twice a year, or more frequently if they are predisposed to a higher risk of 
developing caries or gum disease (Patel, Bay, & Glick, 2010). Recommendation of biannual dental 
checkups has become common after promotion by a toothpaste commercial in the 1920s and 
1930s. However, it has been reported that regular dental visits are associated with improved oral 
health that includes – lower rates of teeth loss, periodontal disease, oral cancer and other related 
oral diseases (Beirne, Clarkson, & Worthington, 2007). Recall examinations were performed for 
early detection and prompt treatment of disease that helps in preventing teeth loss due to several 
reasons. In 2004, the National Institute for Health and Clinical Excellence (NICE) published a 
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guideline stating that recall intervals are recommended based on individual needs. “A systematic 
review of dental recall intervals, and dental caries incidence” by Dr. Patel in 2010 concluded that 
dental recall intervals always depends on individuals’ risk of developing dental diseases (Patel, 
Bay, & Glick, 2010). 
2.5 NHANES and NHIS questionnaire items related to electronic cigarette usage and last 
dental visits 
Selection of Surveys and Survey years:  
The data is derived from two surveys – 2015-2016 National Health and Nutrition 
Examination Survey (NHANES) and 2015 National Health Interview Survey (NHIS). These 
surveys were selected as they were representative of the U.S. population and they served as 
common references for electronic cigarette usage and dental visits data.  
NHANES:  
National Health and Nutrition Examination Surveys were conducted by the National Center 
for Health Statistics (NCHS), Division of Health and Nutrition Examination Surveys (DHANES), 
part of the Centers for Disease Control and Prevention (CDC) on a periodic basis from 1971 to 
1994 and continuously from the year 1999 (National Health and Nutrition Examination Surveys 
[NHANES], 2015-2016). The target population includes the noninstitutionalized civilian resident 
population of the United States. 
The goals of the NHANES was to 1) Estimate the percentage of persons in the U.S. 
population with selected diseases and risk factors; 2) Monitor trends in the prevalence, awareness, 
treatment, and control of selected diseases; 3) Monitor trends in risk behaviors and environmental 
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exposures; 4) Study the relationship between diet, nutrition, and health; 5) Explore emerging 
public health issues; and 6) Provide baseline health characteristics (NHANES, 2015-2016) 
The subgroups that were oversampled in 2015-2016 cycle, were Hispanic; Non-Hispanic Asians; 
Non-Hispanic blacks; Non-Hispanic whites and persons aged 80 years and older in Non-
Hispanic whites and other races.  
NHANES 2015-2016 data has questionnaire data that includes the following information on oral 
health and preventative care (NHANES, 2015-2016). 
·         Last dental visit or lack of dental care; 
·         Direct conversation with dental professional about your dental health; 
·         Dental health perception; 
·         Oral cancer exam; 
·         Use of dental floss or dental rinse product; and 
·         Periodontal disease self-report. 
NHANES 2015-2016 also includes oral health examination data addressing the public health 
significance in areas of surveillance, treatment, prevention, dental care utilization, and health 
policy (NHANES, 2015-2016).  
·         Tooth count (1 yr and older); 
·         Dental caries (1 yr and older); 
·         Root caries (18 yr and older); 
·         Dental sealants (3 to 19 yrs); and 
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·         Recommendations for dental care (1 yr and older). 
NHANES 2015-2016 data contains information on electronic cigarettes - history of e-cigarette 
use, age at initiation, past 30-day use (NHANES, 2015-2016).  
NHIS:  
The National Health Interview Surveys (NHIS) were conducted every year since 1957 by the 
National Center for Health Statistics (NCHS) which is a part of the Centers for Disease Control 
and Prevention (CDC). The target population includes the noninstitutionalized civilian resident 
population of the United States. An advantage of NHIS data is, health characteristics are 
displayed by many socioeconomic and demographic characteristics (“NHIS - About the National 
Health Interview Survey,” 2018).  The NHIS frequently incorporates an oral health supplement 
that contains questions regarding oral health care utilization (Macek, Manski, Vargas, & Moeller, 
2002). An advantage of the NHIS is that it uniquely allows analysis of the associations between 
oral health care utilization and a variety of health and illness status items, as well as health 
attitudes, behaviors, and knowledge (Macek et al., 2002). 
The primary goal of NHIS is to 1) Monitor the trends in illness and disability; 2) Monitor the 
health of individuals in the United States by collecting health information data and analyzing it; 
3) To track the progress toward achieving national health objectives (“NHIS - About the 
National Health Interview Survey,” 2018). 
NHIS 2015 includes information on oral health such as last dental visit to a dentist, number of 
dental visits in the past one year and affordability of care. Information about electronic cigarette 
usage includes - - history of e-cigarette use, age at initiation, and past 30-day use. 
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NHANES has large information on oral diseases, preventive care and recommendation of care. 
But NHIS has limited information related to oral health, and that includes dental visits and 
affordability of care. The common variables between NHANES and NHIS datasets regarding 
dental visits measures include 
1) Time since last saw a dentist 
The common variables between NHANES and NHIS datasets regarding smoking and electronic 
cigarettes use include 
1) Ever used an e-cigarette? 
2) How many days used an e-cigarette in the past 30 days? 
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ABSTRACT 
Introduction: Electronic cigarettes (e-cigarettes) are battery operated devices that entered the U.S. 
markets in 2007 and are marketed as safe alternatives to traditional cigarettes. The nicotine present 
in the e-cigarettes and the amount of vapor produced is a major concern for oral health. The 
purpose of this study is to report on the estimates for e-cigarette use from two different national 
surveys in the United States and to assess the association between e-cigarette use and outcomes 
related to dental care. 
Methods: Data from the 2015-2016 National Health and Nutrition Examination Survey 
(NHANES) (n=5884), and from the 2015 National Health Interview Survey (NHIS) (n=33,672) 
were used in the analysis. SAS 9.4v was used to calculate prevalence of e-cigarette use (ever and 
current use of e-cigarettes) and dental care (past year dental office visit) by sociodemographic 
variables for 2015-2016 NHANES and 2015 NHIS. Logistic regression models were used to 
examine the association between e-cigarette use and utilization of dental care separately for 
NHANES and NHIS, adjusting for age, sex, education, race, income, affordability of care and 
other tobacco use.  
Results: The prevalence of ever use and current use from the 2015-2016 NHANES was 20.30% 
(95% C.I. 18.31-22.29) and, 5.40% (95% C.I. 4.73-6.06) respectively. In the 2015 NHIS the 
prevalence was 13.06% (95% C.I. 12.53-13.58) for ever e-cigarette use and 4.50% (95% C.I. 4.22-
4.79) for current use. The prevalence of past year dental office visit from 2015-2016 NHANES 
was 58.78% (95% C.I. 54.88-62.68) and from NHIS was 62.71% (95% C.I. 62.02-63.4). 
Multivariate logistic regression models using NHANES data indicated that there is no difference 
between current e-cigarette users and non-users with respect to making a past year dental visit 
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[AOR= 1.04 (95% C.I. 0.64-1.70)] and NHIS data indicated that current e-cigarette users were less 
likely to make a past year dental visit [AOR= 0.69 (95% C.I. 0.60-0.80)].  
Conclusions: The non-overlapping of 95% confidence intervals for prevalence of ever use indicate 
a significant difference between 2015-2016 NHANES and 2015 NHIS with respect to ever e-
cigarette usage. Considering different factors such as sample size, response rate, position of the 
questions and mode of administration is encouraged before choosing the estimates from different 
surveys. 
Key Words:  current e-cigarette use, ever e-cigarette use, past year dental office visit, 
NHANES, NHIS. 
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INTRODUCTION 
Electronic cigarettes (e-cigarettes) are battery-operated devices that provide doses of 
vaporized nicotine, flavorings and other chemicals to the users (King, Patel, Nguyen, & Dube, 
2015). As early as 2007, e-cigarettes entered the U.S. market and have been marketed as safe 
alternative products to regular cigarettes. An e-cigarette has a battery to power the device, an 
atomizer to convert the liquid nicotine into vapor, a tank to store the e-liquid, and a mouthpiece to 
deliver the vapor from the atomizer to mouth (Havel, Benowitz, Jacob, & St. Helen, 2017).  
Different brands of e-cigarettes contain nicotine, humectants such as glycerol or propylene glycol 
to produce vapor and variety of flavors (Etter et al., 2011). 90% of e-cigarette liquid is made up of 
propylene glycol, and nicotine is available in doses ranging between 0-36mg/ml. Flavoring agents 
are added since both propylene glycol, and nicotine are tasteless (“A Dental Perspective on 
Electronic Cigarettes,” n.d.). However, studies assessing the content in the solution of e-cigarettes 
have identified chemicals such as formaldehyde, acetaldehyde, nicotine, glycerin, glycol, 
cadmium, nickel, aluminum, lead, silicon, and nitrosamines. Research indicates that the majority 
of these solutions may be cancer-causing, and it may take many years to assess the risk to health. 
In any case, at present there is no scientific evidence that e-cigarettes promote long-term cessation 
and using e-cigarette usage was not recommended by the U.S. Public Health Service as smoking 
cessation method (King, Alam, Promoff, Arrazola, & Dube, 2013). 
A study by Singh et al. (2016) concluded that there was a significant increase in the current 
use of hookahs and e-cigarettes among high school students in the United States between 2011 – 
2015.  According to Centers for Disease Control and Prevention (CDC), nearly 16% of high school 
students reported using e-cigarettes in 2015 compared to 1.5% in 2011 indicating a 10-fold 
increase in e-cigarette users (“E-cigarettes ‘just as harmful as tobacco’ for oral health,” n.d.). 
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Although e-cigarettes are marketed as safer alternatives to conventional cigarettes, but 
when it comes to oral health, the vapor from an e-cigarette is equally damaging as smoking (“E-
cigarettes ‘just as harmful as tobacco’ for oral health,” n.d.). Use of tobacco causes a wide variety 
of dental problems such as periodontal disease, halitosis, tooth loss, soft tissue changes, and 
oropharyngeal cancer. Tobacco smoking is always considered a significant risk factor for oral 
leukoplakia and the malignant transformation into oral cancer is very high in smokers than in non-
smokers. A study conducted by Morse et al. (2007) revealed that there is a strong association 
between smoking and oral epithelial dysplasia, indicating that smoking has a significant impact on 
the transformation of oral epithelial dysplasia into oral cancer. 
Depending on the brand, the e-cigarettes may or may not contain nicotine, and the stability 
of nicotine in the electronic cigarettes is affected by its flavors (Etter, Zäther, & Svensson, 2013). 
A study by Canistro et al. (2017) revealed that e-cigarettes damage DNA at the chromosomal level 
producing strand breaks in leucocytes and micronuclei in reticulocytes, and point mutations in 
urine at the gene level. Evidence supports that tobacco-specific nitrosamines are important 
causative factors for cancers of the lungs, oral cavity, and pharynx in smokers (Konstantinou et 
al., 2018). A study by Konstantinou et al. (2017) had shown that the liquid in the e-cigarettes 
contains tobacco-specific nitrosamines but in lower amounts than conventional cigarettes. 
However, the effects of using e-cigarettes are not known completely, a smoker’s health is always 
benefited by complete abstinence from nicotine related products (Konstantinou et al., 2018).  
Nearly 84% of oral cancers can be detected at an early stage during a routine dental 
checkup. Oro Pharyngeal Cancers are one of the few oral diseases with high mortality rate and 
habits like smoking, betel nut chewing, and alcohol consumption are found to be significant risk 
factors for Oro Pharyngeal Cancers (Marino et al., 2017). A thorough screening of the oral cavity 
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along with patient’s routine dental checkups play a vital role in early diagnosis and prompt 
treatment of cancers related to head and neck (Marino et al., 2017).  
Recommendation of biannual dental checkups has become common after promotion by a 
toothpaste commercial in the 1920s and 1930s. However, it is reported that regular dental visits 
can improve the oral health by reducing – the rate of teeth loss, periodontal disease, oral cancer 
and other related oral diseases (Beirne, Clarkson, & Worthington, 2007). Recall examinations were 
performed for early detection and prompt treatment of disease that helps in preventing teeth loss 
due to several reasons. “A systematic review of dental recall intervals, and dental caries incidence” 
by Dr. Patel in 2010 concluded that dental recall intervals always depends on individuals’ risk of 
developing dental diseases (Patel, Bay, & Glick, 2010).  
The study focuses on the need for data users to understand the nature and limitations of the 
data they employ. The purpose of this study is to report on the estimates for e-cigarette from two 
different national surveys in the United States and to assess the association between e-cigarette use 
and outcomes related to dental care. 
METHODS 
Data source 
Data analyzed for this study come from 2015-2016 National Health and Nutrition 
Examination Survey (NHANES) and 2015 National Health Interview Survey (NHIS). The 
NHANES survey assesses the health and nutrition status of the household population in the U.S., 
and NHIS monitors the health of the civilian, non-institutionalized population of the United States. 
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Data collection  
The NHANES data were collected through interviews, physical examinations, and 
laboratory tests. First, participants were interviewed in their homes through Computer Assisted 
Personal Interviewing (CAPI) system. Next, the participants underwent physical examination, 
laboratory tests and additional interviews related to special topics in Mobile Examination Centers 
(MEC) by a set of physicians and laboratory technicians. The NHIS survey assesses the health of 
the U.S. population through a personal household interview, without any physical examination and 
laboratory tests. The interviewers use CAPI version of NHIS questionnaire to enter the responses 
directly into the computer. 
Sampling  
NHANES uses a complex multistage probability design to select the study participants. 
The four stages of sample selection: 1) Primary Sampling Units (PSUs) were selected in the first 
stage, 2) segments were selected within each PSU consisting of a block containing a cluster of 
homes, 3) households were selected within each segmented PSU, 4) individuals were randomly 
selected in each household (“NHANES - 2015-2016 Overview,” n.d.). The sample size for 2015-
2016 NHANES data is 9971 with 61.3% response rate. For the present study, the data from 
demographics, oral health, and smoking questionnaire files were used. However, NHANES has no 
separate adult and child components. Individuals below 18 years of age were excluded from the 
current study, and the final sample included 5854 adults. 
NHIS follows a multistage area probability design to select the study sample. The current 
sampling method was designed in 2006 and is redesigned after every decennial census.  NHIS 
sampling includes the following stages: 1) geographically defined PSUs were selected in the first 
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stage, and each PSU consisted of a single county or a group of contiguous counties, 2) the nonself-
Representing (NSR) PSUs were stratified geographically, to select NSR PSUs and self-
Representing (SR) PSUs from each stratum 3) within each PSU, clusters of addresses were selected 
(Rothwell & Madans, n.d.). For the present study, data from sample adult and sample adult cancer 
files were used. The final sample contains data for 33,672 adults. 
Measures for data analysis 
Independent Measures NHANES NHIS 
Ever E-cigarette Use Ever use of e-cigarettes was assessed 
using the question “Have you ever 
used an e-cigarette even one time”? 
Respondents who selected “yes” 
were considered to be ever e-
cigarette users.   
Ever use of e-cigarettes was 
assessed using the question “Have 
you EVER used electronic 
cigarettes (e-cig), even once”? 
Respondents who selected “yes” 
were considered to be ever e-
cigarette users. 
Current E-cigarette Use Current use of e-cigarettes was 
assessed using the question “How 
many days used an e-cigarette in the 
past 30 days”? Respondents who 
selected the numbers between 1 to 
30 days were considered to be 
current e-cigarette users. 
Among ever e-cigarette users, 
current use of e-cigarettes was 
assessed using the question “On 
how many of the PAST 30 DAYS 
have you used e-cigarettes”? All the 
everyday users and among the 
someday e-cigarette users, 
respondents who selected the 
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numbers between 1 to 30 days were 
considered to be current e-cigarette 
users. 
Dependent Measures 
Past year dental office visit 
The patient’s last dental visit was 
assessed by the question “About 
how long has it been since {you/SP} 
last visited a dentist? Include all 
types of dentists, such as, 
orthodontists, oral surgeons, and all 
other dental specialists, as well as 
dental hygienists.” Respondents who 
selected the timeframe less than 6 
months or less than 1 year were 
considered to have a past year dental 
visit. The individuals who responded 
“More than 1 year, but not more than 
2 years ago” or “More than 2 years, 
but not more than 3 years ago” or 
“More than 3 years, but not more 
than 5 years ago” or “More than 5 
years ago” or “Never have been” 
were considered as not having dental 
visit in the past year.   
The patient’s last dental visit was 
assessed by the question “About 
how long has it been since you last 
saw a dentist? Include all types of 
dentists, such as orthodontists, oral 
surgeons, and all other dental 
specialists, as well as dental 
hygienists?” Respondents who 
selected the timeframe less than 6 
months or less than 1 year were 
considered to have a past year dental 
visit. The individuals who 
responded “More than 1 yr, but not 
more than 2 yrs ago” or “More than 
2 yrs, but not more than 5 yrs ago” 
or “More than 5 years ago” were 
considered as not having dental visit 
in the past year. 
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Sociodemographic Variables 
Sociodemographic variables in 2015-2016 NHANES and 2015 NHIS were categorized as 
follows: age (18-24 yrs, 25-44 yrs, 45-64 yrs, >=65 yrs), sex (male or female), education (0-12th 
grade, GED/high school grad/college no degree, associate/bachelor’s degree, graduate), annual 
family income (<35,000$, 35,000-74,999$, 75,000-99,999$, >=100,000), race (Hispanics, Non-
Hispanic White, Non-Hispanic Black, Non-Hispanic Asian, others), other tobacco use (users, non-
users), and affordability of dental care (affordable, non-affordable). The variable other tobacco use 
included individuals who used tobacco in any form such as cigarettes, little cigars, hookah, 
smokeless tobacco, and pipe. 
Strategies for handling the missing information for population-level prevalence estimates: 
The population surveys like NHANES and NHIS allow the respondents to opt out of 
answering health behavior questions by including different response categories such as ‘don’t 
know’ and ‘refused.’ In NHIS, the respondents who discontinued the interview were given the 
value of ‘not ascertain.’ For the analysis, all the ‘don’t know,’ ‘refused,’ ‘not ascertain’ and 
missing values were recoded to ‘no’ for the independent and dependent variables to obtain 
prevalence estimates. 
To obtain the prevalence for e-cigarette use and past year dental office visit, the 
denominator was kept intact by including the missing data into the denominator. Reclassifying the 
missing data to ‘no’ resulted in downward bias and inclination for downward bias is always better 
rather than overestimating because with downward bias there will be reasonable rationale to 
provide population-level estimates with a limitation that some respondents would have selected 
‘yes.’ 
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Statistical Analysis 
Data were analyzed using SAS v9.4 and design features such as unequal weights, 
stratification and clustering were included in the analysis. The weights account for oversampling 
and survey nonresponse, and the calculated estimates will be truly representative of the U.S. 
civilian non-institutionalized population. PROC SURVEYFREQ was used to estimate the 
weighted frequencies for NHANES and NHIS sociodemographic variables. Prevalence estimates 
and 95% confidence intervals were calculated using PROC SURVEYFREQ for ever and current 
use of e-cigarettes and having a past year dental visit by sociodemographic variables for both 
NHANES and NHIS.  
Multivariate logistic regression models were used to examine the association between e-
cigarette use and utilization of dental care separately for NHANES and NHIS, adjusting for age, 
sex, education, race, income, affordability of care and other tobacco use. PROC 
SURVEYLOGISTIC was used to produce the weighted adjusted odds ratios, 95% confidence 
intervals and p-values for the independent variable and all the covariates. The STRATA, 
CLUSTER, and WEIGHT statement options were specified in PROC SURVEYLOGISTIC 
similar to PROC SURVEYFREQ. 
RESULTS 
The characteristics of the study sample for 2015-2016 NHANES and 2015 NHIS were 
provided in table 1. Table 2 summarizes the sociodemographic characteristics by ever use, current 
use of e-cigarettes, and past year dental office visit for 2015-2016 NHANES and 2015 NHIS. The 
prevalence of ever use and current use from the 2015-2016 NHANES was 20.30% (95% C.I. 
18.31-22.29) and 5.40% (95% C.I. 4.73-6.06) respectively. In the 2015 NHIS the prevalence was 
13.06% (95% C.I. 12.53-13.58) for ever e-cigarette use and 4.50% (95% C.I. 4.22-4.79) for current 
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use. The prevalence of past year dental office visit from 2015-2016 NHANES was 58.78% (95% 
C.I. 54.88-62.68) and from NHIS was 62.71% (95% C.I. 62.02-63.4). 
Multivariate logistic regression:  
Table 5 and 6 present the weighted and adjusted odds ratios, 95% confidence intervals 
(95% CI) and p-values for the covariates and current e-cigarette users among those who reported 
past year dental office visit for NHANES and NHIS respectively. Multivariate logistic regression 
models using NHANES data indicated that there is no difference between current e-cigarette users 
and non-users with respect to making a past year dental visit [AOR= 1.04 (95% C.I. 0.64-1.70)] 
and NHIS data indicated that current e-cigarette users were less likely to make a past year dental 
visit [AOR= 0.72 (95% C.I. 0.61-0.87)].  
In the weighted and adjusted multivariate regression model for NHANES, no difference 
was seen between current e-cigarette users and non-users with respect to making a past year dental 
visit [AOR= 1.04 (95% C.I. 0.64-1.70)]. The covariates age, education, income, race, and 
affordability yielded a statistically significant association with a past year dental office visit. The 
age group >=65 years [OR=1.21, 95% CI (0.79-1.87)] had increased odds of making a past year 
dental visit and the age groups 25-44 years [OR=0.69, 95% CI (0.52-0.92)] and 45-64 years 
[OR=0.90, 95% CI (0.58-1.37)] had decreased odds of making a past year dental visit as compared 
to the individuals between 18-24 years of age. The high school graduates [OR=1.14, 95% CI (0.8-
1.62)], individuals with associate/ bachelor degree [OR=1.35, 95% CI (0.82-2.21)] and graduate 
degree [OR=2.73, 95% CI (1.63-4.53)] had higher odds of making a past year dental visit than 
with education less than high school. Respondents with annual household income between 35,000-
74,999$ [OR=1.28, 95% CI (0.78-2.12)], 75,000-99,999$ [OR=1.91, 95% CI (1.32-2.78)] and 
>100,000 [OR=3.89, 95% CI (2.76-5.48)] had higher odds of making a past year dental visit than 
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low income families. Among race, non-Hispanic Whites [OR=1.17, 95% CI (0.76-1.81)], non-
Hispanic Blacks [OR=1.52, 95% CI (1.03-2.25)], and non-Hispanic Asians [OR=1.21, 95% CI 
(0.81-1.8)], had higher odds of making a past year dental visit than Hispanics. The odds of making 
a past year dental visit was low among the non-affordable individuals [OR=0.50, 95% CI (0.29-
0.85)].  
In the weighted adjusted binomial regression model for NHIS, the current e-cigarette users 
were less likely to make a past year dental visit [AOR= 0.69 (95% C.I. 0.60-0.80)].  The covariates 
age, gender, tobacco use and affordability yielded a statistically significant association with past 
year dental office visit. The age groups 25-44 yrs [OR= 0.89%, 95% CI (0.8-1)]; >=65 yrs [OR= 
0.86%, 95% CI (0.76-0.98)] had lower odds of making a past year dental visit and age group 45-
64 yrs [OR= 1.09%, 95% CI (0.97-1.24)] had higher odds of making a past year dental visit than 
individuals between 18-24 yrs of age. Females [OR=1.32, 95% CI (1.24-1.40)] and non-tobacco 
users [OR=1.47, 95% CI (1.27-1.69)] had higher odds of making a past year dental visit than males 
and tobacco users respectively. The covariates education [high school grads (OR=1.00% CI (0.92-
1.08)), associate/bachelor degree (OR=0.98, 95% CI (0.89-1.07)), college graduates (OR=0.96, 
95% CI (0.85-1.08))]; income [35,000-74,999$ (OR=0.97, 95% CI (0.9-1.04)), 75,000-99,999 
(OR=1.03, 95% CI (0.94-1.14)), >100,000 (OR=0.98, 95% CI (0.90-1.07))]and race [non-
Hispanic Whites (OR=1.06, 95% CI (0.97-1.17)),  non-Hispanic Blacks (OR=0.97, 95% CI (0.87-
1.09)),  and non-Hispanic Asians (OR=1.05, 95% CI (0.9-1.23))] didn’t yield a statistically 
significant association with past year dental office visit. 
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DISCUSSION 
Accurate public health surveillance data are useful to understand public health issues. Oral 
health is an important component of general health, and research says that long-term use of e-
cigarettes can result in disease of gums, teeth, and oral cancer. A study conducted by Tayyarah 
and Long (2014) revealed that the liquid in the e-cigarettes contains 2% nicotine and more than 
75% of humectants such as glycerin or propylene glycol. Studies have shown that habitual tobacco 
smokers exhibit a higher number of plaque accumulation sites, loss of clinical attachment and 
probing depth greater than 4mm when compared to non-smokers (Sundar et al., 2016). However, 
bleeding on probing which is a classic sign of periodontal disease is masked in smokers, due to the 
vasoconstrictive effect of nicotine on gingival blood vessels (Sundar et al., 2016). Therefore, 
nicotine users are unaware of the ongoing periodontal disease until it reaches a stage where tooth 
mobility is noticeable. Hence making a dental visit at least once a year in e-cigarette users provides 
an opportunity for early diagnosis and preventive care. The study also suggests that dentists should 
play a key role in educating the patients regarding the pros and cons of vaping on oral tissues and 
should emphasize the importance of regular dental checkups in e-cigarette users.  
Both NHANES and NHIS are national surveys and are representative of the U.S 
population. Even though they use different survey methodologies both NHANES and NHIS are 
trying to generate national estimates. The non-overlapping of 95% confidence intervals for the 
prevalence of ever use indicate a statistically significant difference between 2015-2016 NHANES 
and 2015 NHIS with respect to ever e-cigarette usage, and it is not surprising to see a variance in 
the multivariate logistic regression results between the two surveillance systems due to differences 
in the estimates for current e-cigarette use and dental visits. 
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Although the focus of each survey is different, the data collection methodology is multi-
stage sampling for both NHANES and NHIS, and the target population for both surveys is civilian, 
non-institutionalized population of United States but results from the current study revealed that 
the prevalence estimates for e-cigarette use differ between NHANES and NHIS. The phrasing of 
the questions for e-cigarette measures are almost same, and the response options under each of 
these questions may not explain the differences in prevalence estimates because of reclassifying 
the ‘refused,’ ‘don’t know,’ ‘not ascertained’ and missing values to ‘no.’  
So, considering other factors such as sample size, response rate, the position of the 
questions and mode of administration, differences in weighting procedure for race/ethnicity is 
encouraged before choosing the estimates from different surveys, besides understanding the 
strengths and limitations of the data before employing it. For example, the estimates from NHIS 
data seem to be more precise than NHANES due to large sample size. 
LIMITATIONS 
The study also had few limitations. Both NHANES and NHIS surveys are based on self-
report which may lead to response bias. The affordability question in NHANES doesn’t include 
‘no’ in the response categories, and the missing values were all recoded to ‘no.’ Accurate estimate 
for individuals with dental care affordability is useful because affordability to care was a 
significant covariate for a past year dental office visit in NHANES multivariate regression 
analysis. ‘Last dental visit’ and ‘reason for last dental visit’ are two separate items in NHANES 
oral health questionnaire file, but in NHIS there is no separate section for ‘reason for last dental 
visit’ and the response options for the question “About how long has it been since you last saw a 
dentist? Include all types of dentists, such as orthodontists, oral surgeons, and all other dental 
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specialists, as well as dental hygienists?” doesn’t provide any information about regular dental 
checkups. Therefore, the exact prevalence of individuals seeking preventative care cannot be 
estimated in NHIS. To obtain the prevalence estimates, the missing and neutral response values 
were included in the analysis which may led to downward bias. Both NHANES and NHIS are 
cross-sectional data, where only the association between past year dental office visit and e-
cigarette use could be examined, and the causal relationship of these measures cannot be 
determined. Both the surveys are representative of the civilian non-institutionalized population of 
the United States; hence the results cannot be generalized to the non-civilian institutionalized 
population. 2015 NHIS data cannot be aggregated with 2016 NHIS data to be consistent with the 
2-year cycle of NHANES due to differences in sampling methodology and weighting procedures. 
The prevalence of e-cigarette use has been increasing every year in the U.S. and aggregating 2015 
and 2016 NHIS data might reduce the differences between estimates in NHANES and NHIS 
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Table 1: Sample characteristics: NHANES 2015-2016 and NHIS 2015 
 
 
Abbreviations: NHANES, National Health and Nutrition Examination Survey; NHIS, National 
Health Interview Survey 
95% CI: 95% Confidence Intervals 
 
 
Sample Size % 95% CI Sample Size % 95% CI
Overall 5854 33,672
Age (yrs)
18-24 yrs 576 9.67 8.37 - 10.96 2890 12.31 11.73 - 12.9
25-44 yrs 1986 35.38 32.14 - 38.62 11067 34.18 33.49 - 34.88
45-64 yrs 1914 34.82 32.7 - 36.93 11337 34.33 33.6 - 35.05
>=65 yrs 1378 20.14 17.74 - 22.53 8378 19.18 18.73 - 19.62
Sex
Male 2823 48.20 46.98 - 49.43 15071 48.20 47.43 - 48.96
Female 3031 51.80 50.57 - 53.02 18601 51.80 51.04 - 52.57
Education
0-12
th
 grade 1391 14.49 10.94 - 18.04 7450 27.58 26.64 - 28.52
GED/High school 1301 21.15 18.83 - 23.47 13054 38.39 37.45 - 39.32
Associate/bachelor’s 1735 32.59 29.58 - 35.6 8721 24.81 24.06 - 25.56
Graduate 1422 31.77 25.56 - 37.99 3182 9.22 8.54 - 9.9
Annual household income ($)
<35,000 2465 33.68 30.1 - 37.26 11576 46.42 45.69 - 47.15
35,000-74,999 1596 30.17 26.83 - 33.5 8964 26.19 25.62 - 26.77
75,000-99,999 495 10.45 8.85 - 12.05 3228 9.96 9.52 - 10.41
>=100,000 869 25.70 19.95 - 31.45 5902 17.42 16.87 - 17.97
Tobacco Use
No 1720 78.95 76.48 - 81.42 6746 92.36 92 - 92.71
Yes 505 21.05 18.58 - 23.52 2551 7.64 7.29 - 8
Race
Hispanics 788 6.49 3.64 - 9.34 6572 20.33 19.02 - 21.63
Non-Hispanic White 1886 63.58 55.3 - 71.87 19947 58.37 56.96 - 59.78
Non-Hispanic Black 1226 11.39 6.76 - 16.01 4627 13.76 12.66 - 14.87
Non-Hispanic Asian 710 5.85 3.19 - 8.5 2087 6.29 5.81 - 6.77
Others 1244 12.69 8.25 - 17.14 439 1.25 0.99 - 1.52
PARTICIPANT 
CHARACTERISTICS
NHANES 2015-2016
Weighted        
NHIS 2015
Weighted   
35 
 
Table 2: Weighted population level prevalence and 95% C.I by E-cigarette measures and 
past year dental office visit -- NHANES 2015-2016, and NHIS 2015 
 
 
 
Abbreviations: NHANES, National Health and Nutrition Examination Survey; NHIS, National 
Health Interview Survey 
95% CI: 95% Confidence Intervals 
 
 
 
% 95% CI % 95% CI % 95% CI % 95% CI % 95% CI % 95% CI
Overall 20.30 18.31 - 22.29 5.40 4.73 - 6.06 58.78 54.88 - 62.68 13.06 12.53 - 13.58 4.50 4.22 - 4.79 62.71 62.02 - 63.4
Age (yrs)
18-24 yrs 3.91 3.17 - 4.65 1.33 0.98 - 1.67 5.46 4.67 - 6.24 2.62 2.31 - 2.92 0.92 0.75 - 1.10 7.93 7.46 - 8.4
25-44 yrs 9.78 8.18 - 11.37 2.47 2.02 - 2.93 19.06 16.78 - 21.34 6.09 5.74 - 6.43 1.97 1.78 - 2.15 20.55 20.02 - 21.09
45-64 yrs 5.83 4.7 - 6.96 1.39 1 - 1.78 21.23 18.88 - 23.58 3.62 3.37 - 3.88 1.38 1.22 - 1.54 22.40 21.76 - 23.04
>=65 yrs 0.78 0.39 - 1.18 0.21 0 - 0.42 13.03 11.02 - 15.05 0.73 0.61 - 0.85 0.24 0.17 - 0.30 11.83 11.41 - 12.25
Sex
Male 11.19 9.82 - 12.56 3.44 2.78 - 4.1 26.49 24.11 - 28.86 7.33 6.9 - 7.75 2.60 2.37 - 2.82 28.77 28.07 - 29.48
Female 9.11 8.08 - 10.14 1.96 1.55 - 2.36 32.29 29.88 - 34.69 5.73 5.37 - 6.08 1.91 1.72 - 2.09 33.93 33.2 - 34.67
Education
0-12
th
 grade 2.88 1.87 - 3.88 1.16 0.66 - 1.65 5.63 4.25 - 7.02 4.04 3.69 - 4.38 1.41 1.21 - 1.61 17.26 16.57 - 17.95
GED/High school 5.62 4.84 - 6.4 1.50 1.13 - 1.86 10.42 8.69 - 12.14 4.88 4.55 - 5.2 1.64 1.46 - 1.82 24.09 23.33 - 24.86
Associate/bachelor’s 8.30 7.02 - 9.59 2.12 1.63 - 2.6 18.71 16.63 - 20.79 3.06 2.81 - 3.3 1.07 0.93 - 1.20 15.56 14.98 - 16.13
Graduate 3.51 2.26 - 4.76 0.63 0.3 - 0.97 24.04 19.04 - 29.03 1.08 0.95 - 1.22 0.37 0.29 - 0.46 5.73 5.2 - 6.26
Annual household income ($)
<35,000 8.42 7.35 - 9.49 2.59 2.03 - 3.14 15.05 13.17 - 16.94 5.99 5.61 - 6.37 2.03 1.82 - 2.24 29.16 28.46 - 29.85
35,000-74,999 6.08 4.43 - 7.73 1.37 0.76 - 1.98 16.87 14.64 - 19.1 3.33 3.08 - 3.59 1.22 1.06 - 1.37 16.28 15.75 - 16.82
75,000-99,999 1.78 1.28 - 2.28 0.29 0.1 - 0.48 6.86 5.62 - 8.1 1.32 1.16 - 1.49 0.42 0.33 - 0.50 6.34 5.98 - 6.7
>=100,000 3.91 2.77 - 5.05 1.01 0.62 - 1.4 20.48 15.97 - 24.99 2.41 2.18 - 2.64 0.84 0.71 - 0.97 10.93 10.44 - 11.43
Tobacco Use
No 22.94 20.09 - 25.79 4.86 3.63 - 6.09 46.07 41.67 - 50.47 10.05 9.59 - 10.51 3.73 3.45 - 4.02 58.58 57.86 - 59.31
Yes 9.75 7.92 - 11.58 3.69 3.02 - 4.36 9.63 8.02 - 11.24 3.01 2.76 - 3.25 0.77 0.65 - 0.90 4.13 3.84 - 4.42
Race
Hispanics 1.05 0.61 - 1.5 0.35 0.18 - 0.52 3.17 1.49 - 4.85 2.66 2.36 - 2.96 0.92 0.77 - 1.06 12.64 11.73 - 13.55
Non-Hispanic White 13.50 11.28 - 15.71 3.42 2.68 - 4.15 40.13 32.99 - 47.26 7.61 7.15 - 8.07 2.60 2.36 - 2.84 36.95 35.94 - 37.96
Non-Hispanic Black 2.32 1.38 - 3.25 0.53 0.27 - 0.78 5.88 3.61 - 8.15 1.90 1.64 - 2.17 0.67 0.55 - 0.80 8.43 7.7 - 9.15
Non-Hispanic Asian 0.56 0.26 - 0.86 0.17 0.04 - 0.29 3.75 1.74 - 5.77 0.74 0.61 - 0.86 0.25 0.19 - 0.30 3.95 3.6 - 4.31
Others 2.87 1.97 - 3.78 0.94 0.61 - 1.26 5.85 3.93 - 7.78 0.15 0.09 - 0.22 0.07 0.03 - 0.11 0.74 0.57 - 0.91
Ever Use    Current Use
PARTICIPANT 
CHARACTERISTICS
Ever Use    Current Use Dental Visits
NHANES 2015-2016 NHIS 2015
Dental Visits
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Table 3: Adjusted multivariate logistic regression of dental visits and current e-cigarette 
use: NHANES 2015-2016 
 
 
Abbreviations: NHANES, National Health and Nutrition Examination Survey; NHIS, National 
Health Interview Survey 
95% CI: 95% Confidence Intervals 
p-value: significance level <0.05 
% 95% CI % 95% CI AOR 95% CI
Over all 58.78 54.88 - 62.68 41.22 37.32  - 45.12
Current e-cig users
Yes 2.51 2.01 - 3.00 2.89 2.25 - 3.52 1.00 0.8706
No 56.27 52.60 - 59.94 38.34 34.85 - 41.82 1.04 0.64 - 1.7
Age
18-24 yrs 5.46 4.67 - 6.24 4.21 3.3 - 5.11 1.00 0.0123
25-44 yrs 19.06 16.78 - 21.34 16.32 14.5 - 18.15 0.69 0.52 - 0.92
45-64 yrs 21.23 18.88 - 23.58 13.59 12.02 - 15.16 0.90 0.58 - 1.37
>=65 yrs 13.03 11.02 - 15.05 7.10 5.4 - 8.81 1.21 0.79 - 1.87
Sex
Male 26.49 24.11 - 28.86 21.72 19.23 - 24.2 1.00 0.1088
Female 32.29 29.88 - 34.69 19.51 17.46 - 21.55 1.22 0.96 - 1.57
Education
0-12
th
 grade 5.63 4.25 - 7.02 8.85 6.54 - 11.17 1.00 <.0001
GED/High school grad/college 
no degree 10.42 8.69 - 12.14 10.73 9.17 - 12.29 1.14 0.8 - 1.62
Associate/bachelor’s 18.71 16.63 - 20.79 13.88 11.97 - 15.79 1.35 0.82 - 2.21
Graduate 24.04 19.04 - 29.03 7.74 6.31 - 9.16 2.73 1.65 - 4.53
Income
<35,000$ 15.05 13.17 - 16.94 18.63 15.84 - 21.42 1.00 <.0001
35,000-74,999$ 16.87 14.64 - 19.1 13.30 10.8 - 15.8 1.28 0.78 - 2.12
75,000-99,999$ 6.86 5.62 - 8.1 3.59 2.81 - 4.36 1.91 1.32 - 2.78
>=100,000 20.48 15.97 - 24.99 5.22 3.72 - 6.72 3.89 2.76 - 5.48
Tobacco use
No 46.07 41.67 - 50.47 32.88 30.3 - 35.46 1.18 0.87 - 1.61 0.2915
Yes 9.63 8.02 - 11.24 11.42 9.13 - 13.72 1.00
Race
Hispanics 3.17 1.49 - 4.85 3.32 2.07 - 4.57 1.00 0.0003
Non-Hispanic White 40.13 32.99 - 47.26 23.46 20.45 - 26.46 1.17 0.76 - 1.81
Non-Hispanic Black 5.88 3.61 - 8.15 5.51 3.11 - 7.91 1.52 1.03 - 2.25
Non-Hispanic Asian 3.75 1.74 - 5.77 2.09 1.39 - 2.8 1.21 0.81 - 1.8
Others 5.85 3.93 - 7.78 6.84 4.08 - 9.6 0.99 0.64 - 1.53
Affordability
Yes 54.03 49.58 - 58.47 32.25 29.82 - 34.69 1.00 0.0101
No 4.75 3.83 - 5.67 8.97 7.14 - 10.79 0.50 0.29 - 0.85
PARTICIPANT 
CHARACTERISTICS
ADJUSTED ODDS RATIO
P-VALUE
 WEIGHTED DENTAL VISITS
YES NO
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Table 4: Adjusted multivariate logistic regression of dental visits and current e-cigarette 
use: NHIS 2015 
 
 
Abbreviations: NHANES, National Health and Nutrition Examination Survey; NHIS, National                       
Health Interview Survey 
95% CI: 95% Confidence Intervals 
p-value: significance level <0.05 
% 95% CI % 95% CI AOR 95% CI
Over all 62.71 62.02 - 63.4 37.29 36.6 - 37.98
Current e-cig users
Yes 2.27 2.05 - 2.49 2.23 2.03 - 2.43 0.69 0.60 - 0.80 <.0001
No 60.44 59.72 - 61.15 35.06 34.37 - 35.74 1.00
Age
18-24 yrs 7.93 7.46 - 8.4 4.38 4.05 - 4.72 1.00 <.0001
25-44 yrs 20.55 20.02 - 21.09 13.63 13.12 - 14.14 0.89 0.8 - 1
45-64 yrs 22.40 21.76 - 23.04 11.93 11.42 - 12.44 1.09 0.97 - 1.24
>=65 yrs 11.83 11.41 - 12.25 7.35 7.02 - 7.67 0.86 0.76 - 0.98
Sex
Male 28.77 28.07 - 29.48 19.42 18.84 - 20 1.00 <.0001
Female 33.93 33.2 - 34.67 17.87 17.34 - 18.4 1.32 1.24 - 1.40
Education
0-12
th
 grade 17.26 16.57 - 17.95 10.32 9.77 - 10.87 1.00 0.8912
GED/High school grad/college 
no degree 24.09 23.33 - 24.86 14.29 13.77 - 14.82 1.00 0.92 - 1.08
Associate/bachelor’s 15.56 14.98 - 16.13 9.25 8.83 - 9.68 0.98 0.89 - 1.07
Graduate 5.73 5.2 - 6.26 3.49 3.19 - 3.8 0.96 0.85 - 1.08
Income
<35,000$ 29.16 28.46 - 29.85 17.27 16.73 - 17.8 1.00 0.6358
35,000-74,999$ 16.28 15.75 - 16.82 9.91 9.53 - 10.3 0.97 0.90 - 1.04
75,000-99,999$ 6.34 5.98 - 6.7 3.63 3.37 - 3.88 1.03 0.94 - 1.14
>=100,000 10.93 10.44 - 11.43 6.49 6.17 - 6.81 0.98 0.90 - 1.07
Tobacco use
No 58.58 57.86 - 59.31 33.77 33.11 - 34.43 1.47 1.27- 1.69 <.0001
Yes 4.13 3.84 - 4.42 3.52 3.27 - 3.77 1.00
Race
Hispanics 12.64 11.73 - 13.55 7.69 7.09 - 8.28 1.00 0.2724
Non-Hispanic White 36.95 35.94 - 37.96 21.42 20.67 - 22.16 1.06 0.97 - 1.17
Non-Hispanic Black 8.43 7.7 - 9.15 5.34 4.84 - 5.83 0.97 0.87 - 1.09
Non-Hispanic Asian 3.95 3.6 - 4.31 2.34 2.1 - 2.58 1.05 0.9 - 1.23
Others 0.74 0.57 - 0.91 0.51 0.39 - 0.63 0.92 0.71 - 1.2
Affordability
Yes 58.45 58.45 - 57.73 30.76 30.09 - 31.43 1.00 <.0001
No 4.25 4.25 - 3.93 6.53 6.19 - 6.86 0.33 0.30 - 0.37
ADJUSTED ODDS RATIO P-VALUE
PARTICIPANT 
CHARACTERISTICS
 WEIGHTED DENTAL VISITS
YES NO
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